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Liquid-crystalline medium 

The presant invention relates to liquid-crystalline compounds and a liquid- 
^stale medium, to the use tnereo. tor eieo.ro-op.ica, purposes, and to 
displays containing this medium. 

,0 Examples - such devices are * . 

twisted nematic structure, o i in tQrf£ir(ari rM rells The 

«ff«rt^ ppIIs and OMI (optical mode interference) cens. i no 

SSSX J£ on the Schadt-Heltrich eHect and 
1 5 have a twisted nematic structure. 

and good staDiiny iu viscosity and produce 

20 r ;: s - contra, * „ 
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cells. 



— » — « .tees . S2, — 



ductivity. 
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For example, .or matnx ^a-oys, a, *p£ - 

eiements for switching individual p,xe "-J^ * , ow bjre . 

and low vapor pressure are des.red. 

"here a distinction can he made between two types. 
1 . M OS ,me,a, oxide semiconductor, or other diodes on a silicon water as 
substrate. 

2 Thin . fllm transistors (TFTs) on a glass plate as substrate, 
problems at the joins. 

optical effect used » usually the TN effect a such as> 

The jpT matrix is applied to the ^^^^^ 
■ wh ile the other glass plate cames the transparent c ^ 
insi de. Compared with the can also 

and has virtually no adverse effect on of red , 

be extended to fully co4or-capab e d.sp.ays. * mMjk* a m ^ 
, green and blue filters is arranged ,n such a way that 
opposite each switchable pixel. 

+~ QC tni cells with crossed polarizers in 
Th e TFT displays usually operate as TN cells w.tn 

transmission and are illuminated from the back. 
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ki 0 for TV applications (tor 

times difficulties also arise in mu rjOGASHl, S.. 

D U1 f«. Pans; STROMER, M.. ^ "Cof Te.ev.sion Liquid Crystai 

3 ,o obtain acceptabie ^™' M ^ 0 '^, eve very high specific r-*«"? 

2 Ration and,cr smeCic „ as low as pcssibie. The 

^CdispiaysfionUhepn 
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in TN (Schadt-Helfrich) cells, media are desired which facilitate the fol- 
lowing advantages in the cells: 



extended 



nematic phase range (in particular down to low temperatures) 



. the ability to switch at extremely low temperatures (outdoor use, auto- 
mobile, avionics) 

. increased resistance to UV radiation (longer service life). 

0 The media available from the prior art do not allow these advantages to be 
achieved while simultaneously retaining the other parameters. 

,n the case of supertwisted (STN) cells, media are desired which enable 
greater multip.exability and/or lower threshold voltages and/or broader 
1 5 nematic phase ranges (in particular at low temperatures) To this en* a 
further widening of the available parameter latitude (c.eanng pent smec- 
tic-nematic transition or melting point, viscosity, dielectric parameters, 
elastic parameters) is urgently desired. 

20 The present invention thus has an object of providing media, in particular 
for MIX, TN or STN displays of this type, which do not have the above- 
mentioned disadvantages or only do so to a reduced extent, and prefe a- 
^ simultaneously have very high specific resistances and low - hresho^ 
voltages. In particular, it is possible to use the compounds of the ^formula , 
25 for the preparation of low V th mixtures which have a very good Y; /c eanng 
point ratio and relatively low An values. The mixtures accord.ng to the 
invention are particularly suitable for low An applications. The -^ es 
according to the invention are preferably used in reflects and transflect.ve 
applications. 

30 

Upon further study of the specification and appended claims, further 
objects and advantages of this invention will become apparent to those 
skilled in the art. 
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rim attbese and other objects can be acHeved ,< 
« bas now been , «ou£ «^ are used in dte p,ays. 
— CWd,n9 t a , iqu ,0-c r vst*e m ebt um basebon 
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in 



which 
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• mi to 12 carbon atoms which is 
IS an alKyl radical having froml ^ ^ ^ ^ 

unS ubstituted, ~ b u S ^ e b d y b y halogen, where one or 

subs tituted to P-^^SSi U ~« * ^ 0356 
m ore CH 2 groups .n these ra by Q _ 

indeP endently of one another, be ^ ^ ^ Qr 

" S "' « tnms are not linked directly 

.O-CO-O- in such a way that O atoms are 

to one another, 
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or 



„ ar eeacb>dependent,yo f oneano,be r .Ho, F . 

L *w^r -COO- or -CF2O-. 

, andz2 ..eacb.^vo.oneanotbet, 

where Z * Z. « . 
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q P an unsubstituted alkyl or 
is Fi a ON, OCN, ^ll^ZL a halogenated 
alk oxy radical, a »*^* ^ radical or a halogena- 

alk enyi radical, a ^^^^ atoms, and 

ted alkenyloxy rad.cal hav.ng up 



is 1 or 2, and 
is 1 or 2 



0 
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« — furthermore ^ ^^^T^ 
iocated for electro-optical use. y 

lg ht - . • ~r 

^>«i this may be straight-chain or 
H R i is an alkyl radical or an alkoxy rad.cal, th.s ™* carbon ato ms 

rhe a d It is Preferably ^^^^ pe* hexyl, 
and ac cordingly is preferab y ^^^^ or heptyloxy, further- 

decyloxy or undecyloxy. 

. /- pnethoxyinnethyl). ^- ^ 

T 2 s ^ tr UUvi. 2- 3-. «-• 7 5 - * o °; ZZ 

3 . 4- or 5-oxahexyl, 2-,. 3-, 4 , o 6 . 7 _ f 8 . 0 r 9 oxa 

oc42-,3,4-,5-.6-,T-o r 8-oxanonv,.o r 2.3, 



35 



decyl. 



£ 3-. 4- or -5-env, bepM. * *^ . 6 ., . 7 . or 
.4-enyl. bex-1 , * . , -2-, J . 

oeH-, -2-, -3- -*- *• * °;. . 5 ., , 6 ., . 7 ., -8- or -9-eny.- 
W.ordec-1,-2- . ^ q 

and one has been replaced by -CO bony l group -O-CCK 

lacetoxybutyl. «-*«»»*^ emoxy- 
carbonyDbutyl. 

nlaced by un- 

— Co rro ofo-co, «. « - r*«* 

nexyl. 7-acryloyloxyhepty , 8-acryi y , oy , oxy ethyl. 3-mett 

— ry^xybep,, 

9-methacryloyloxynonyl. 
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possible in any desired position. 

... u =>. least monosubstituted by 
„ R - „ en alKyl or alKenyl «^££T-- halogen is preferably 
halogen, this radical is prefe rat ^ preferably F . The 

F or CI. in the case of polysub 9 radicals . , n me case of 
re su,,an, radicals also incUtde H = a ^ ^ ^ 

■ 

R 1 which are suitable 

— °zrx :=:;r P :paration - ^ 

for polymerization reaction* 



talline polymers. 

R i mav occasionally be or 

Compounds containing 

import ance owing to better S* b« in , f ^ ^ „ 

oase materials, but in par«cu.a as ch as componenls of 

active, Smectic compounds of th.styp 
ferroelectric materials. 

■ « ohases are suitable for thermally 
Compounds of the formula I having Sa phase 
addressed displays. 

Branchedgroupsofthis^ 
5 b anch. Preferred branched M* ™ J ¥ , isopentyl f 3-me.hyl- 

propyl), isobutyl <- ^^Cl^W^- MW*-** T 
U. 2-me.hy.pen.yt, ; methylbul oxy, ^ 

;r:rm:r/^ 

30 methylheptyloxy. 

rM, aroups have been 
„ R r is an atKy. radical in which two or mo^ C ^ ^ ^ 
replaced by -O- and/or -CO-O-, his may ^ Accordingly 

Uscarbo^yf, 3.3- 

35 is particularly preferaDiy u 
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carboxypropyl 4,4-biscarboxybutyl, 5.5-bisoarboxypenty,, 6 6-biscarboxy- 
carboxypropyr. *, h.^srboxvoctyl, 9,9-biscarboxynonyl, 

carbony,)efbyl,3,3-bis<memoxyca« 
bufyl.o.^mefbo^ 

^^SS^^oay^U- or S.S-blsf.ethoxycarbonyObexy, 

Particular* preferred compounds of .he fornrula , are selected tani , •» 
Consisting of compounds of fbe following sub-formulae ,1 ,o 115. 
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H 



-COO 




\ 6 \ 2 




1 , 6 



where 



L 7 -L 10 , independently, have one of the meanings given for L -L 



The compounds of the formula I are prepared by methods known per se, 
I de cTed in the literature (for example in the standard 

%veyl, Methoden der organischen Chemie [Methods of Organic 



Houben- 



Chemistry], Georg-Thieme-Ver.ag, Stuttgart), to be prec.se 
conditions which are known and suitable for the sa.d react ons. use can 
also be made here of variants which are known per se, but are not men 
tioned here in greater detail. 



The 



compounds of the formula I are preferably prepared as follows: 
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SchemeJ. 
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COOH 



4. 2 N NaOH, Et z O 
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ftr.heme 2 

1. HS(CH 2 ) 3 SH, 



CF3SO3H i/7^W/~~\ CF3SO3 
3. Et 2 0 

2. NEt 3 • 3HF 

3. Br 2 ; -70°C to RT 

4. 2N NaOH, Et 2 0 

5. 1 N HCl 

16 
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Scheme 3 




1. HS(CH 2 ) 3 SH, 
CF 3 S0 3 H 

2. Ac 2 0 

3. Etp 




CF3SO3- 



1. NEt 3 , CH 2 CI 2 , -70°C 
HO-< O -COOEt Br-< O >-CF 2 0-^ O )- X 

2. NEt 3 ■ 3HF 

3. Br 2 ; -70°C to RT 






1. tBuLi, Et 2 0, -80°C 

2. B(OMe) 3 

3. NaOH, H 2 0 2 



F 

HO-^0^>-CF 2 0 
F 




H V-COOH 



DCC, THF, cat. DMAP 



R 1 — (h^- COO-<^0^- 




The invention also relates to electro-optical displays (In particular STN or 
MLC displays having two plane-parallel outer plates, which, together with a 
frame form a cell, integrated non-linear elements for switching individual 
pixels on the outer plates, and a nematic liquid-crystal mixture of pos.t.ve 
dielectric anisotropy and high specific resistance which is located .n the 
cell) which contain media of this type, and to the use of these media for 
electro-optical purposes. Besides for reflective displays, the mixtures 
according to the invention are also suitable for IPS (in plane switching) 
applications, OCB (optically controlled birefringence) applications and VA 
(vertical alignment) applications. 
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The liquid-crystal mixtures according to the invention enable a significant 
widening of the available parameter latitude. 

The achievable combinations of clearing point, rotational viscosity, y 1f low 
An and dielectric anisotropy are far superior to previous materials from the 
5 prior art. 

The requirement for a high clearing point, a nematic phase at low tem- 
perature and a high As has hitherto only been achieved to an inadequate 
extent. Although mixtures such as, for example, MLC-6424 have similar 
10 properties to the mixtures according to the invention, they have, however, 
significantly worse values for the rotational viscosity, 

Other mixture systems have comparable flow viscosities v 2 o and As values, 
but only have clearing points in the region of 60°C. 

15 

The liquid-crystal mixtures according to the invention, while retaining the 
nematic phase preferably down to -20°C, more preferably down to -30°C 
and particularly preferably down to -40°C, enable clearing points preferably 
above 80°C, more preferably above 90°C and particularly preferably above 

20 100°C, simultaneously dielectric anisotropy values, Ae, preferably of > 6 , 
more preferably > 8, and a high value for the specific resistance to be 
achieved, enabling excellent STN and MLC displays to be obtained. In 
particular, the mixtures are characterized by low operating voltages. The 
TN thresholds are preferably below 2.0 V, more preferably below 1 .8 V, 

25 particularly preferably below 1 .7 V. 

It goes without saying that, through a suitable choice of the components of 
the mixtures according to the invention, it is also possible for higher clear- 
ing points (for example above 110°) to be achieved at a higher threshold 

30 voltage or lower clearing points to be achieved at lower threshold voltages 
with retention of the other advantageous properties. At viscosities corre- 
spondingly increased only slightly, it is likewise possible to obtain mixtures 
having greater Ae and thus lower thresholds. The MLC displays according 
to the invention preferably operate at the first Gooch and Tarry transmis- 

35 sion minimum [C.H. Gooch and H.A. Tarry, Electron. Lett. 10, 2-4, 1974; 
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C H Gooch and H.A. Tarry, Appl. Phys., Vol. 8, 1575-1584, 1975] are 
ied whet besides particularly favorable elecfro-opfica. properties, sue, 
es far example high steepness of the characterise line and low angle 
dope danced 'the contrast (German Patent 30 22 818), a lower d declnc 
anisotropy is sufficient at the same threshoid voltage as in an analogous 
display a. «he second minimum. This anabies significanlly higher specific 
Snces ,o be achieved using the mix.ures according «o theinvention a, 
the first minimum than in the case of mixtures comprising cyano 
comp un s. Through a suilabie choice of the individual component and 
heTr proportions by weigh,, .he person sKilled in the art isable ^ o seuhe 
birefringence necessary for a pre-specified layer thickness of the MLC 
display using simple routine methods. 

The flow viscosity, v 20 , at 20°C is preferably < 60 mm*s\ particularly , pref- 
IrabwTsO mm* a'. The rolallonal viscosity, y„ of .he mixtures accord^ 
erably < 50 mm ferabl < 180 mPa s, particularly preferably 

to the invention at 20 o is prererau.y narticu- 
< 150 mPas. The nematic phase range is preferably at least 90 . parttcu 
Tady preferably a, leas. 100". This range preferably extends a, leas, from 
-20° to +80°. 

Measurements of the capacity holding ratio (HR) ^ ^^eltssn 
Liquid Crystals 5, 1 320 (1989); K. Niwa et al.. Proc. SID C"*™^-" 
Francisco June 1984, p. 304 (1984); G. Weber et al.. Liquid Crystals 5, 
1381 (1989M have shown that mixtures according to the invention com- 
o is in »m ounds of the formula I exhibit a significantly smaller decrease 
• Z m 3h increasing tempera.ure .ban, for example analogous mix- 
tures comprising cyanophenylcyclohexanes of the formula ^ 

instead of the compounds of .ha formula I according to .he invention. 

The UV stability of .he mixtures according to .he invention Is also ^considar- 
ably better, i.e., they exhibit a significant smaller decrease ,n the HR on 
exposure to UV. 
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Th e media — ,o the inven.cn "^^£2 2 
(preferably two or more) compounds of the formula I re t , p P 
Lse compounds is preferably 5-95%, more preferab.y 10-60 A 
particularly preferably in the range 15-50%. 

The individual compounds of the formulae II to XVIII and their sub- 
formulae which can be used in the media according to me ,nven,»n are 
Ter Known or ,hey can be prepared analogously to the Known com- 
pounds. 

I32: 



15 




rH h >-cf : 





o >-coo— < o >-f 
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R L_/ H V-CF r O-< O V-COO-X O y F 





R i_y H v-cf ; 




R t_< H X-CF.O^ O /-COO-{^-F 

F 






12 



13 



O \-COO-< O V-OCF 3 14 



30 




R l_/ H VCF ; 





COO-< O V-OCF, 
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X is preferably F, CI, CN, OCN, NCS, SCN, SF 5 , OCH 3 , CH 3 , OC 2 H 5) 
C 2 H 5 , OC 3 H 7 , C 3 H 7 , CF 3 , C 2 F 5 , C 3 F 7 , CF 2 H, OCF 3 , OCF 2 H, 
OCFHCF 3 , OCFHCH 2 F, OCFHCHF 2 , OCF 2 CH 3 , OCF 2 CH 2 F, 
OCF 2 CHF 2 , OCF 2 CF 2 CF 2 H, OCF 2 CF 2 CH 2 F, OCFHCF 2 CF 3 , 
OCFHCF 2 CHF 2 , OCFHCFHCF 3 . OCH 2 CF 2 CF 3 , OGF 2 CF 2 CF 3 , 
OCF 2 CFHCHF 2 , OCF 2 CH 2 CHF 2 , OCFHCF 2 CHF 2 , OCFHCFHCHF 2 , 
OCFHCH 2 CF 3 , OCH 2 CFHCF 3 , OCH 2 CF 2 CHF 2 , OCF 2 CFHCH 3 , 
OCF 2 CH 2 CHF 2 , OCFHCF 2 CH 3 , OCFHCFHCHF 2 , OCFHCH 2 CF 3 , 
OCH 2 CF 2 CHF 2 , OCH 2 CFHCHF 2 , OCF 2 CH 2 CH 3 , OCFHCFHCH 3l 
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OCFHCH 2 CHF 2l OCH 2 CF 2 CH 3 , OCH 2 CFHCHF 2 , OCH 2 CH 2 CHF 2 , 
OCHFCH 2 CH 3 . OCH 2 CFHCH 3 , OCH 2 CH 2 CHF 2 , 0CC,F ^ 3 ; 
OCCIFCCIF 2 , OCCIFCHF 2l OCFHCCI 2 F, OCCIFCHF 2 , OCCIFCCIF 2l 
OCF 2 CHCI 2 , OCF 2 CHCI 2 , OCF 2 CCI 2 F, OCF 2 CCIFH, OCF 2 CCIF 2l 
OCF 2 CF 2 CCIF 2 , OCF 2 CF 2 CCI 2 F, OCCIFCF 2 CF 3 , OCCIFCF 2 CHF 2 , 
OCCIFCF 2 CCIF 2 , OCCIFCFHCF3, OCCIFCCIFCF3, OCCI 2 CF 2 CF 3 , 
OCCIHCF 2 CF 3 , OCCIFCF 2 CF 3 , OCC.FCCIFCF,. 0CF 2 CC1FCHF, 
OCF 2 CF 2 CCI 2 F, OCF 2 CCI 2 CHF 2 , OCF 2 CH 2 CCIF 2 , OCCIFCF 2 CFH 2l 
OCFHCF 2 CCI 2 F, OCCIFCFHCHF 2 , OCCIFCCIFCF 2 H, 
OCFHCFHCCIF 2 , OCCIFCH 2 CF 3 , OCFHCCI 2 CF 3 , OCCI 2 CFHCF 3 , 
OCH 2 CCIFCF 3l OCCI 2 CF 2 CF 2 H, OCH 2 CF 2 CCIF 2 , OCF^CIFCHa, 
OCF 2 CFHCCI 2 H, OCF 2 CCI 2 CFH 2( OCF 2 CH 2 CCI 2 F, OCCIFCF 2 CH 3 , 
OCFHCF 2 CCI 2 H, OCCIFCCIFCHF 2 , OCFHCFHCCI 2 F, 
OCCIFCH 2 CF 3) OCFHCCI 2 CF 3 , OCCI 2 CF 2 CFH 2 , OCH 2 CF 2 CCI 2 F, 
OCCI 2 CFHCF 2 H, OCCIHCCIFCF 2 H, OCF 2 CCIHCCIH 2 
OCF 2 CH 2 CCI 2 H, OCCIFCFHCH 3 , OCF 2 CCIFCCI 2 H, OCOFWjqFH.. 
OCFHCCI 2 CFH 2 , OCCI 2 CF 2 CH 3 , OCH 2 CF 2 CCIH 2 , OCCI 2 CFHCFH 2 , 
OCH 2 CCIFCFCI 2 , OCH 2 CH 2 CF 2 H, OCCIHCCIHCF 2 H, 
OCH 2 CCI 2 CF 2 H, OCCIFCH 2 CH 3 , OCFHCH 2 CCI 2 H, 
OCCIHCFHCCIH 2 , OCH 2 CFHCCI 2 H, OCCI 2 CH 2 CF 2 H, 
OCH 2 CCI 2 CF 2 H, CH=CF 2 , OCH=CF 2 , CF=CF 2 , OCF=CF 2 CF=CHF, 
OCF=CHF CH=CHF, OCH=CHF, CF 2 CH 2 CF 3 or CF 2 CHFCF 3 .n par- 
ticular F, C, CN, CF 3 , CHF 2 , OCF 3 , OCHF 2> OCFHCF 3 OCFHCHF 2 , 
OCFHCHF 2 , OCF 2 CH 3 , OCF 2 CHF 2 , OCF 2 CHF 2 , OCF 2 CF 2 CHF 2 , 
OCF 2 CF 2 CHF 2 , OCFHCF 2 CF 3 , OCFHCF 2 CHF 2 , OCF 2 CF 2 CF 3 
OCF 2 CF 2 CCIF 2 , OCCIFCF 2 CF 3 , CH=CF 2 , OCH 3 , OC 2 H 5 or OC 3 H 7 

The medium additionally comprises one or more compounds selected 
from the group consisting of compounds of the general formulae II to 
VIII: 
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up to 9 carbon atoms 
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Xo: 



F, CI, halogenated alkyl, halogenated alkenyl, halogenated 
alkenyloxy or halogenated alkoxy having from 1 to 6 carbon 
atoms, 



Zo: 



-C2H4-, -CH=CH-, -CH2O-, -COO-, -OCH2-, -OCF 2 -, -CF 2 0-, 
-CF=CF-, -C2F4-, -CH2CF2- or CF2CH2-, 



Yi, Y2, Y 

and Y 4 : each, independently of one another, H or F, and 



10 



r: 



0 or 1. 



- The compound of the formula IV is preferably of one of formulae IVa 
IVh: 
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IVa 
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F 




The medium additionally comprises one or more compounds selected 
from the group consisting of compunds of the general formulae IX to 
XVIII: 




IX 



X 



35 
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Y 1 




XVIII 



5 in which Ro, xo, Yi and Y2 are each, independently of one another, as 

defined above. Y 3 and Y 4 are each, independently of one another, H or F. 
Xo is preferably F, CI, CF 3 , OCF 3 or OCHF 2 . Ro is preferably alkyl, oxaalkyl, 
fluoroalkyl or alkenyl, each having up to 6 carbon atoms. 

10 - The medium additionally comprises one or more compounds having 
fused rings, of the formulae A-1 to A-6: 




A-1 



A-2 



A-3 



A-4 
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OCF 3 



' (F) F 

in which R° is as defined above, and (F) is an optional fluoro group. 

The proportion of the compounds of the formulae A-1 to A-6 is 
preferably 0-20% by weight, more preferably 3-15% by weight, in 
particular 3-1 0% by weight; 

The proportion of compounds of the formulae I to VIII together in the 
mixture as a whole is at least 30% by weight, preferably at least 50% 
by weight; 

The proportion of compounds of the formula I in the mixture as a 
whole is preferably from 1 to 50% by weight, more preferably from 2 
to 30% by weight and particularly preferably from 5 to 25% by weight; 

The proportion of compounds of the formulae II to VIII in the mixture 
as a whole is preferably from 20 to 80% by weight; 




is preferably 





The medium comprises one or more compounds of the formulae II, 
III, IV, V, VI, VII or VIII; 
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R° is straight-chain alkyl or alkenyl having from 2 to 7 carbon atoms; 

The medium essentially consists of compounds of the formulae I to 
VIII; 

5 

The medium preferably comprises one, two or three compounds of 
the formula I; 

The medium comprises a mixture of compounds of the formula I in 
10 which R 1 is methyl, ethyl, n-C 3 H 7 , n-C 4 H 9 , n-C 5 H u or n-CeHu; 

The medium comprises further compounds, preferably selected from 
the following group consisting of compounds of the general formulae 
XIX to XXII: 

15 



20 



25 




F 

30 

in which R°, X° , Y 1 , Y 2 and Y 3 are as defined above, and the 1 ,4- 
phenylene rings may be substituted by methyl, CN, chlorine or fluorine. 
The 1 ,4-phenylene rings are preferably monosubstituted or polysubstituted 
35 by fluorine atoms. 
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The medium preferably comprises bicyclic carbocyclic compounds of 
the formula XXIII 




Z 0 ' is a single bond, -C 2 H 4 - -C 4 H 8 -, -COO-,-CH 2 0-, -OCH 2 -, 
-O-CO-, -CF 2 0- or -OCF 2 - t 

r° is 1 or 2, 

r 0 ' is as defined for R°, and 

X°" is OCF 3 , F, CI, CF 3 , alkyl, alkoxy or alkenyl. 

Preferred sub-formulae of the formula XXIII are 
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Very particularly preferred sub-formulae of the formula XXIII are 



5 




10 

where 

alkyl is a straight-chain alkyl radical having 1-8 carbon atoms, in par- 
ticular having 2-5 carbon atoms. 

15 

The medium preferably comprises two or three compounds of the 
formula XXIII. 

The proportion of compounds of the formula XXIII in the medium 
20 according to the invention is preferably 5-40% by weight, in particular 

5-35% by weight. 

The I : (II + III + IV + V + VI + VII + VIII) weight ratio is preferably from 
1 : 10 to 10 : 1. 

25 

The medium essentially consists of compounds selected from the 
group consisting of the general formulae I to XVIII. 

The term "alkyl" covers straight-chain and branched alkyl groups having 
30 1-7 carbon atoms, in particular the straight-chain groups methyl, ethyl, 
propyl, butyl, pentyl, hexyl and heptyl. Groups having 2-5 carbon atoms 
are generally preferred. 

The term "alkenyl" covers straight-chain and branched alkenyl groups 
35 having 2-7 carbon atoms, in particular the straight-chain groups. Particular 
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alkenyl groups are C 2 -C 7 -1 E-alkenyl, C 4 -C 7 -3E-alkenyl, C 5 -C 7 -4-alkenyl, 
C 6 -C 7 -5-alkenyl and C 7 -6-alkenyl, in particular C 2 -C 7 -1 E-alkenyl, C 4 -C 7 -3E- 
alkenyl and C 5 -C 7 -4-alkenyl. Examples of preferred alkenyl groups are 
vinyl, 1E-propenyl, 1E-butenyi, 1E-pentenyl, 1E-hexenyl, 1E-heptenyl, 
3-butenyl, 3E-pentenyl, 3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 
4E-hexenyl, 4Z-heptenyl, 5-hexenyl, 6-heptenyl and the like. Groups 
having up to 5 carbon atoms are generally preferred. 

The term "fluoroalkyl" preferably covers straight-chain groups having a 
terminal fluorine, i.e. fluoromethyl, 2-fluoroethyl, 3-fluoropropyl, 4-fluoro- 
butyl, 5-fluoropentyl, 6-fluorohexyl and 7-fluoroheptyl. However, other 
positions of the fluorine are not excluded. 

The term "oxaalkyl" preferably covers straight-chain radicals of the formula 
C n H 2n+ rO-(CH 2 ) m , in which n and m are each, independently of one 
another, from 1 to 6. n is preferably = 1 and m is preferably from 1 to 6. 

It has been found that even a relatively small proportion of compounds of 
the formula I mixed with conventional liquid-crystal materials, but in par- 
ticular with one or more compounds of the formulae II, III, IV, V, VI, VII 
and/or VIII, results in a significant lowering of the threshold voltage and in 
low birefringence values, with broad nematic phases with low smectic- 
nematic transition temperatures being observed at the same time, improv- 
ing the shelf life. Particular preference is given to mixtures which, besides 
one or more compounds of the formula I, comprise one or more com- 
pounds of the formula IV, in particular compounds of the formula IVa in 
which X° is F, OCHF 2 or OCF 3 . The compounds of the formulae I to VIII 
are colorless, stable and readily miscible with one another and with other 
liquid-crystalline materials. Furthermore, the mixtures according to the 
invention are distinguished by very high clearing points, the values for the 
rotational viscosity y-, being comparatively low. 

Through a suitable choice of the meanings of R° and X°, the addressing 
times, the threshold voltage, the steepness of the transmission 
characteriztic lines, etc., can be modified in the desired manner. For 
example, 1 E-alkenyl radicals, 3E-alkenyl radicals, 2E-alkenyloxy radicals 
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and the like generally result in shorter addressing times, improved nematic 
tendencies and a higher ratio of the elastic constants k 33 (bend) and kn 
(splay) compared with alkyl or alkoxy radicals. 4-alkenyl radicals, 3-alkenyl 
radicals and the like generally give lower threshold voltages and smaller 
values of k 33 /kn compared with alkyl and alkoxy radicals. 

A -CH 2 CH 2 - group generally results in higher values of k 33 /kn compared 
with a single covalent bond. Higher values of k 33 /kn facilitate, for example, 
flatter transmission characteriztic lines in TN cells With a 90° twist (in order 
to achieve grey shades) and steeper transmission characteriztic lines in 
STN. SBE and OMI cells (greater multiplexability), and vice versa. 

The optimum mixing ratio of the compounds of the formulae I and II + III + 
l V + v + VI +VII + VIII depends substantially on the desired properties, on 
the choice of the components of the formulae I, II, III, IV, V, VI, VII and/or 
VIII, and the choice of any other components that may be present. 
Suitable mixing ratios within the range given above can easily be 
determined from case to case. 

The total amount of compounds of the formulae I to XVIII in the mixtures 
according to the invention is not crucial. The mixtures can therefore com- 
prise one or more further components for the purposes of optimizing vari- 
ous properties. However, the observed effect on the addressing times and 
the threshold voltage is generally greater, the higher the total concentration 
of compounds of the formulae I to XVIII. 

In a particularly preferred embodiment, the media according to the inven- 
tion comprise compounds of the formulae II to VIII (preferably II, III and/or 
IV, in particular IVa) in which X° is F, OCF 3 , OCHF 2 , OCH=CF 2 , OCF=CF 2 
or OCF 2 -CF 2 H. A favorable synergistic effect with the compounds of the 
formula I results in particularly advantageous properties. In particular, 
mixtures comprising compounds of the formula I and of the formula IVa 
are distinguished by their low threshold voltages. 



The construction of the MLC display according to the invention from 
polarizers, electrode base plates and surface-treated electrodes corre- 
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sponds to the conventional construction for displays of this type. The term 
"conventional construction" is broadly drawn here and also covers all 
derivatives and modifications of the MLC display, in particular including 
matrix display elements based on poly-Si TFT or MIM. 

A significant difference between the displays according to the invention 
and the conventional displays based on the twisted nematic cell consists, 
however, in the choice of the liquid-crystal parameters of the liquid-crystal 
layer. 

The liquid-crystal mixtures which can be used in accordance with the 
invention are prepared in a manner conventional per se. In general, the 
desired amount of the components used in the lesser amount is dissolved 
in the components making up the principal constituent, advantageously at 
elevated temperature. It is also possible to mix solutions of the compo- 
nents in an organic solvent, for example in acetone, chloroform or metha- 
nol, and to remove the solvent again, for example by distillation, after 
thorough mixing. 

The dielectrics may also comprise further additives known to the person 
skilled in the art and described in the literature. For example, 0-15% of 
pleochroic dyes, stabilizers or chiral dopants can be added. 

C denotes a crystalline phase, S a smectic phase, S c a smectic C phase, 
N a nematic phase and I the isotropic phase. 

V 10 denotes the voltage for 10% transmission (viewing angle perpendicular 
to the plate surface). t on denotes the switch-on time and U the switch-off 
time at an operating voltage corresponding to 2 times the value of V 10 . An 
denotes the optical anisotropy and n 0 the refractive index. As denotes the 
dielectric anisotropy (Ae = e„ - e ± , where e,, denotes the dielectric constant 
parallel to the longitudinal molecular axes and e x denotes the dielectric 
constant perpendicular thereto). The electro-optical data were measured in 
a TN cell at the 1st minimum (i.e. at a d • An value of 0.5 urn) at 20°C, 
unless expressly stated otherwise. The optical data were measured at 
20°C, unless expressly stated otherwise. 
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In the present application and in the examples below, the structures of the 
liquid-crystal compounds are indicated by means of acronyms, the trans- 
formation into chemical formulae taking place in accordance with Tables A 
and B below. All radicals C n H 2n+1 and C m H 2m+ i are straight-chain alkyl radi- 
5 cals having n and m carbon atoms respectively; n and m are preferably 0, 
1, 2, 3, 4, 5, 6 or 7. The coding in Table B is self-evident. In Table A, only 
the acronym for the parent structure is indicated. In individual cases, the 
acronym for the parent structure is followed, separated by a dash, by a 
code for the substituents Ri, R2, U and L2: 
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Preferred mixture components of the mixture concept according to the 
invention are given in Tables A and B. 

Table A: 




CCP 
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Table C: 

Table C shows possible dopants which are generally added to the com- 
pounds according to the invention. 
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Table D: 

Stabilisers which can be added, for example, to the mixtures according to 
the invention are shown below. 
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Besides one or more compounds of the formula I, particularly preferred 
mixtures comprise one, two, three, four, five or more compounds from 
Table B. 

The entire disclosures of all applications, patents and publications, cited 
above and of corresponding German Patent application No. 102 46 1 17.1 , 
filed September 30, 2002, are hereby incorporated by reference. 

Examples 

The following examples are intended to explain the invention without 
restricting it. Above and below, percentages are per cent by weight. All 
temperatures are given in degrees Celsius, m.p. denotes melting point, 
cl.p. = clearing point. Furthermore, C = crystalline state, N = nematic 
phase, S = smectic phase and I = isotropic phase. The data between these 
symbols represent the transition temperatures. An denotes optical aniso- 
tropy (589 nm, 20°C). The flow viscosity v 2 o (mm2/sec) and the rotational 
viscosity y-\ [mPa-s] were each determined at 20°C. 

In the examples, "conventional work-up" means that water is added if nec- 
essary, the mixture is extracted with dichloromethane, diethyl ether, methyl 
tert-butyl ether or toluene, the phases are separated, the organic phase is 
dried and evaporated, and the product is purified by distillation under 
reduced pressure or crystallization and/or chromatography. The following 
abbreviations are used: 
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n-BuLi 1 .6 molar solution of n-butyllithium in n-hexane 

DMAP 4-(dimethylamino)pyridine 

THF tetrahydrofuran 

DCC N,N'-dicyclohexylcarbodiimide 

5 RT room temperature 



Example 1 




6 



15 Step 1.1 




COCI 



A solution of 0.2 mol of 2 in 300 ml of THF is treated with 0.21 mol of lith- 
ium diisopropylamide (LDA; 1 M in THF) at -40°C. After 0.5 hour, a vigor- 
ous stream of C0 2 is passed in. The reaction mixture is poured into 1 .5 I of 
ice-cold 1 N HCI. The solution is extracted with CH 2 CI 2 , and the combined 
organic extracts are dried over Na 2 S0 4 and evaporated to dryness. For 
purification, the crude product is recrystallized from toluene. The carboxylic 
acid obtained in this way is dissolved in 200 ml of SOCI 2 and, after addition 
of 0.1 ml of DMF, heated at the boil for 3 hours. The excess SOCI 2 is 
removed by distillation. 



35 
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Step 1.2 



5 




4 

Firstly 0.1 1 mol of propane-1 ,3-dithiol, then 0.25 mol of trifluoromethane- 
sulfonic acid are added to 0.1 mol of 3 at 0°C. The mixture is stirred for 
10 1 hour with ice cooling, then 0.4 mol of acetic anhydride is allowed to run in 
slowly. After a further hour, 500 ml of diethyl ether are added, and the 
precipitated dithianylium salt 4 is filtered off with suction and dried under 
reduced pressure: yield 82%. 

15 Step 1,3 



F 




COOH 



5 

A suspension of 0.1 mol of 4 in 300 ml of CH 2 CI 2 is cooled to -70°C, and a 
25 mixture of 0.15 mol of ethyl 4-hydroxybenzoate, 0.17 mol of NEt 3 and 

100 ml of CH 2 CI 2 is added dropwise. After 5 minutes, firstly 0.5 mol of NEt 3 
■ 3HF and, after a further 5 minutes, 0.5 mol of Br 2 are added dropwise. 
The mixture is stirred at -70°C for 1 hour, then allowed to come to room 
temperature, and the orange-yellow solution is poured into ice-cold 0.1 N 
30 NaOH. The mixture is extracted with CH 2 CI 2 , and the combined organic 
extracts are dried over Na 2 S0 4 and evaporated to dryness in a rotary 
evaporator. For further purification, the crude ester is dissolved in 
n-heptane and filtered through a silica gel frit. The product is stirred at 
room temperature for 1 hour in a mixture of 200 ml of ethanol and 50 ml of 

35 
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1 N NaOH. The mixture is then acidified using cone. HCI, and the product 
is precipitated by addition of 500 ml of water. 

Step 1 .4 




A solution of 50 mmol of 5, 55 mmol of 3,4,5-trifluorophenol, 55 mmol of 
dicyclohexylcarbodiimide (DCC) and 5 mmol of 4-dimethylaminopyr.d.ne 
(DMAP) in 200 ml of THF is stirred at room temperature for 18 hours and 
subjected to conventional aqueous work-up. The crude product .s chro- 
matographed on silica gel with heptane/ethyl acetate 9:1 and subsequently 
recrystallized from n-heptane. 



The following compounds of the formula 




O >— X 



are prepared analogously: 
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Example 2 




Step 2.1 




8 9 



2.858 mol of 2-trimethylsilyl-1 ,3-dithiane are initially introduced in 1 .5 I of 
abs. THF, and 2.868 mol of BuLi (15% solution) are added dropwise at 
-70°C over the course of 0.5 hour. The mixture is slowly allowed to warm 
to room temperature, and 2.852 mol of 8 in 1 I of abs. THF are added 
dropwise at -70°C. The reaction mixture is stirred overnight at room tem- 
perature, poured onto ice and extracted with methyl tert-butyl ether. The 
combined organic phases are washed with saturated sodium chloride 
solution, dried using sodium sulfate, filtered and evaporated. The residue 
is distilled under reduced pressure, 
b.p. 150 - 160°C (1 mbar) 

Step 2.2 



F 




F 

10 
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0.325 mol of 9 is dissolved in 400 ml of dichloromethane, and 0.330 mol of 
trifluoromethanesulfonic acid is added dropwise with ice cooling. After 15 
minutes, the cooling is removed, and the mixture is stirred at room tem- 
perature for 0.5 hour. The mixture is subsequently cooled to 70°C, and a 
mixture of 0.575 mol of triethylamine and 0.490 mol of 3,5-difluorophenol 
in 200 ml of dichloromethane is added, and. the mixture is stirred at -70°C 
for 1 hour. 1 .613 mol of triethylamine hydrofluoride are then added, and, 
after 5 minutes, 1 .609 mol of 1 ,3-dibromo-5,5-dimethylhydantoin sus- 
pended in 200 ml of dichloromethane are slowly added. The reaction mix- 
ture is stirred for 1 hour and allowed to warm to -20°C, and the orange 
solution is added with stirring to a mixture of ice and 500 ml of sodium 
hydroxide solution. The organic phases are separated off, and the aque- 
ous phase is extracted with dichloromethane. Finally, the mixture is sub- 
jected to conventional work-up. The product is fritted over silica gel (n- 
heptane/ethyl acetate 10:1). Finally, the eluate is evaporated. 



0.19 mol of butyllithium (15% solution) is added to 0.106 mol of 10 in 
500 ml of abs. THF at -70°C in a nitrogen atmosphere. When the addition 
is complete, the reaction mixture is stirred for 1 hour and poured onto dry 
ice. The reaction mixture is allowed to warm to 0°C, 50 ml of water are 
added, and the mixture is acidified using 25 ml of cone, hydrochloric acid. 
After addition of 50 ml of methyl tert-butyl ether, the aqueous phase is 
separated off and extracted with methyl tert-butyl ether. The combined 
organic phases are subjected to conventional work-up. The product is 
recrystallized from n-heptane/toluene 2:1. 



Step 2.3 




F 
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Step 2.4 



H 7 C 3 — <^y-CF 2 0 




12 



18.66 mol of 11 and 18.91 mmol of 3,4,5-trifluorophenol in 120 ml of 
dichloromethane are cooled to 5°C. After addition of N.N'-dicyclohexyl- 
carbodiimide in 30 ml of dichloromethane, the mixture is stirred overnight 
at room temperature. After addition of 3.174 mmol of oxalic acid dihydrate, 
the mixture is stirred for a further 1 hour. The sediment is filtered off with 
suction, and the solution is evaporated. The residue is dissolved in 
n-heptane/methyl tert-butyl ether and filtered through a silica gel column. 
The eluate is evaporated, and the residue is recrystallized from n-heptane. 
C 61 N 71 .6 i; An = 0.0870; Ae = 24.5 

The following compounds of the formula 

F L 1 
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are prepared analogously: 
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Mixture Examples 
Example M1 

CCP-30CF 3 8.00% Clearing point [°C]: 89 

CCP-50CF 3 8.00% An [589 nm, 20°C]: 0.0902 

CCP-20CF 3 .F 12.00% Ae [1 kHz, 20°C]: 10.5 

CCP-3OCF3.F 12.00% yi [mPa-s, 20°C]: 171 
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CCP-50CF 3 .F 6.50% 

CCP-3F.F.F 10.00% 

CCP-5F.F.F 2.00% 

CGU-2-F 1 0.00% 

CGU-3-F 10.00% 

5 CBC-33F 4.00% 

CCP-1F.F.F 11.00% 

CQUZU-3-F 6.50% 



Example M2 

10 



CCP-2F.F.F 


6.00% 


Clearing point [°C]: 


83.5 


CCP-2OCF3.F 


12.00% 


An [589 nm, 20°C]: 


0.0881 


CCP-3OCF3.F 


8.50% 


Ae [1kHz, 20°C]: 


10.9 


CCP-2OCF3 


8.00% 


Y1 [mPa-s, 20°C]: 


153 


CCP-3OCF3 


8.00% 






CCP-4OCF3 


6.00% 






CCP-5OCF3 


7.00% 






CGU-2-F 


1 0.00% 






CGU-3-F 


2.50% 






CCG-V-F 


12.00% 






CCP-1F.F.F 


10.00% 






CQUZU-3-F 


10.00% 






Example M3 








CCP-2OCF3 


6.00% 


S -»N: 


-30.0 °C 


CCP-3OCF3 


5.00% 


Clearing point [°C]: 


80.0 


CCP-2F.F.F 


1 0.00% 


An [589 nm, 20°C]: 


0.1036 


CCP-3F.F.F 


1 1 .00% 


Yi [mPa s, 20°C]: 


109 


BCH-3F.F.F 


7.00% 


d • An [|jm, 20°C]: 


0.50 


PGU-2-F 


8.00% 


Twist [']: 


90 


PGU-3-F 


4.00% 


V 10 : 


1.29 


PGU-5-F 


3.00% 






CCZU-3-F 


14.00% 






BCH-32 


5.00% 
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CCH-35 
CC-3-V1 
CQUZU-3-F 
PCH-302 

Example M4 

BCH-3F.F 

BCH-5F.F 

ECCP-30CF3 

ECCP-5OCF3 

CBC-33F 

CBC-53F 

CBC-55F 

PCH-6F 

PCH-7F 

CCP-2OCF3 

CCP-3OCF3 

CCP-4OCF3 

CCP-5OCF3 

PCH-5F 

CQUZU-3-F 

Example M5 

BCH-3F.F 

BCH-5F.F 

ECCP-3OCF3 

ECCP-5OCF3 

CBC-33F 

CBC-53F 

CBC-55F 

PCH-6F 

PCH-7F 

CCP-2OCF3 

CCP-3OCF3 



5.00% 
13.00% 
5.00% 
4.00% 



10.80% Clearing point [°C]: +88.1 

9.00% An [589 nm, 20°C]: +0.0960 

4.50% Ae[1kHz,20°C]: +7.3 

4.50% 
1 .80% 
1 .80% 
1 .80% 
7.20% 
5.40% 
7.20% 
10.80% 
6.30% 
9.90% 
9.00% 
10.00% 



1 0.80% Clearing point [°C]: +1 01 .0 

9.00% An [589 nm, 20°C]: +0.0979 

4.50% Ae[1kHz,20°C]: +7.3 



4.50% 
1 .80% 
1 .80% 
1 .80% 
7.20% 
5.40% 
7.20% 
10.80% 
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CCP-40CF 3 6.30% 

CCP-50CF 3 9.90% 

PCH-5F 9 00% 

CCQUZU-3-F 10.00% 

5 Example M6 

CCH-301 11.20% Clearing point [°C]: +75.0 

CCH -3CF 3 6.40% An [589 nm, 20°C]: +0.0665 

CCH-501 8.80% 

10 CCP-2F.F.F 8.00% 

CCP-3F.F.F 10.40% 

CCP-5F.F.F 4.00% 

CCPC-33 2.40% 

CCZU-2-F 4.00% 

15 CCZU-3-F 13.60% 

CCZU-5-F 4.00% 

CH-33 2.40% 

CH-35 2.40% 

CH-43 2.40% 

20 CQUZU-3-F 20.00% 

Example M7 

BCH-3F.F 10.80% Clearing point [°C]: +102.7 

25 BCH-5F.F 9 00% An [589 nm, 20°C]: +0.0994 

ECCP-30CF 3 4.50% As[1kHz,20°C]: +6.9 

ECCP-5OCF3 4.50% 

CBC-33F 1 -80% 

CBC-53F 1 -80% 

30 CBC-55F 1-80% 

PCH-6F 7.20% 

PCH-7F 5.40% 

CCP-2OCF3 7.20% 

CCP-30CF3 10-80% 
35 CCP-4OCF3 6.30% 



-80- 



CCP-50CF 3 9.90% 

PCH-5F 9.00% 

CCQUZG-3-OT 9-80% 

Example M8 

BCH-3F.F 10.80% Clearing point [°C]: +90.9 

BCH-5F.F 9.00% An [589 nm, 20°C]: +0.0976 

ECCP-30CF 3 4.50% Ae [1kHz, 20°C]: +7.0 

ECCP-50CF 3 4.50% 

CBC-33F 1 -80% 

CBC-53F 1-80% 

CBC-55F 1-80% 

PCH-6F 7.20% 

PCH-7F 5.40% 

CCP-2OCF3 7.20% 

CCP-30CF3 10.80% 

CCP-40CF3 6.30% 

CCP-5OCF3 9.90% 

PCH-5F 9.00% 

CQUZG-3-OT 10.00% 



The preceding examples can be repeated with similar success by 
substituting the generically or specifically described reactants and/or 
operating conditions of this invention for those used in the preceding 
examples. 

From the foregoing description, one skilled in the art can easily ascertain 
the essential characteristics of this invention and, without departing from 
the spirit and scope thereof, can make various changes and modifications 
of the invention to adapt it to various usages and conditions. 



